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(57) Abstract 

PROBLEM TO BE SOLVED: To prevent generation of 
knocking by performing spark ignition combustion at 
a low compression ratio side of a switching region 
and performing self ignition combustion at a high 
compression ratio side, at the time of switching 
combustion, in a device in which the self ignition 
combustion is performed with a high compression 
ratio at the time of low load operation and the 
spark ignition combustion is performed with a low 
compression ratio at the time of high load operation. 

SOLUTION: At the time of high load operation, an 
opening timing of an intake valve 6 is set earlier 
than a top dead center, a closing timing of an 
exhaust valve 7 is set later than the top dead 
center, and the intake and exhaust valves 6 t 7 are 



overlapped with each other. Simultaneously, the 
closing timing of the intake valve 6 is set later 
than a bottom dead center to set to a low 
compression ratio, and spark ignition operation is 
carried out On the other hand, at the time of low 
load operation a closing timing of an exhaust valve 
is set earfler than the top dead center an opening 
timing of the intake valve 6 is set later than the 
top dead center, a minas over lapping is set, and 
self ignition operation is carried out while aiming 
at inside EGR. In an intermediate compression ratio 
cycle at the switching region between self ignition 
and spark ignition combustion, spark ignition 
combustion is performed at a low compression ratio 
side of a switching region, self ignition combustion 
is performed at a high compression ratio side so as 
to suppress generation of knocking. 

COPYRIGHT: (C)2000,JPO 



-1- 




-2- 



1 



(19)B#@*ffFff (JP) 



(12) tS2t 



(a) (lD^ma^res^ 

#392000-192828 
(P2000-192828A) 
(43)&»B ^12^7 mi B (2000.7. 11) 



(51)IntCl. 7 
FO 2D 
FO 2B 
FO 2D 



15/04 
11/00 
13/02 

41/04 



3 3 0 



F I 

F0 2D 15/04 

F0 2B 11/00 

F 0 2 D 13/02 

41/04 



r-Y3-r(«^) 
C 3G0 2 2 
Z 3G0 2 3 
H 3G0 6 2 
K 3G0 9 2 
33 OB 3G301 



mtm* *»* m&mnmi ol (^ 12 n) m&m\zm< 



(2oms»# 


^¥10-369871 


(71)ffl®A 


000003997 










(22) tame 


(1998. 12. 25) 












mas mm 
























¥® mm 






















(74)ft8IA 


100078330 



















(54) [%9icD«ft] rt«S«|||co«y^»^B 



(57) 

[11] «te«*K<fcoTKfflBttT©B5»ik*«l 




T = T0 



(2) 



2 000-1 92828 



<&Wit.-?z>mim 1 ~~mim 3 «n>-rna> 1 ot-fsm© 

&E*jWIB«il^(C!Ra#t«a#0^— A 

ft < -r * n t 5 7 © v^-rn 

-ra ct*»itn«*B 5 ~»*^ 8 ©i^-r 

*»«<kTs»*B 1 ~f*a9<oufti*. 1 rnzmm. 



1 1 0 © wrn*» 1 ^kib*©^^© 

[^©PiSfflfrtaW 
[0 0 0 1] 

«*KTeE#^«**ffto-a-*rtji!8«««D«#itt«i« 

BfcMT-5. 
[0 0 0 2] 

[«£5t5©S^] fSe*oeE*^Wl(EfH«*fl-rsrt«8« 

[0003] 2-u-f ^;ua©^jS^c*rt*8«B8©»» 
mmztxT^z* 1994^7^1 a^tT© 

("HONDA R&D Technical Revi 

ewj \z\$, &fkffim\zmmm&e>~&&&m-rz>z.t: 

[0 0 0 4] iEf^Cll f£«J#X©ia£<hff -5 

u^;uenJiCftSiejs*«a&-5. •?•©#©<»: l-t, ±is© 

[0 0 0 5] -€-©3a^i-C. *tiSSA^e>, d©<fc?&g 
[0 0 0 6] -^©fgBJlte, 1 0-2 3 5 7 3 0f 

*?i*t:-ra^r*»#*«*fli^.. rncto. ®^© 

RS£2Kfll«LT\ #C©+M" ^^©f^ft^XS^SrSS 
ffi8SJt$r«< tO, ff!Tk^£ttiE-?©BEa£«;*Ji«< 

[0 0 0 7] 

'Xm&mtttM'xmmmT\ ffissjt^EGRS©^ 

tf W<c 3 Ac tb . § E3g*MGfI«W*IS 6 nx v» * 
«. 5ISt>C^(Cf£;UT^72^<tiESiAc?:«)mAS^ 
^(DfcSb. JE^tk^>EGR»ftt*$:^X.-5 
-t<DIR, t'5bXfc«M©aS#X>y 



(3) 



ftffl 2000-1 92828 



[0 0 0 8] C©±3£W»*l9©>f WEEttttTftt. JE 
SiStt^EGR*tege5t*£jg^TlC^+#T'&0. L 

[0 0 0 9] ^©ScUtT-. ^©ct^^RSIffiSIJt-ett. 

it. m^tmmw- 10-73019 n^m^- 10-1 

2 2 0 1 5mz&Z>£o\Z, fX H>CD0?SfTglC^ 

[0010] u&»u cne,©pjn ft^TSgwftfe 

-9-1- ? )V<DfrW)j] X SS£ -L# 3 1** iSJ8^ S « tc*f L 

^©IM -U/CDX > ^ >©fEUj#X iZfc Ztotf-ZlttZ 
— Mc2i£ftTfc. ^jin^SfeD. ^©•tM'^Hrtt 

[0 0 11] 4$HJ¥1 0- 1 9 6 4 2 4^Ktt. 

(flKIBaSJtfc*«r»T. ffiBSit-^EGRft^S 

isT&umxtfm&uw( 9 )wb&umxa>mz\i£ 

"b t^„ 

[0 0 12] rt«S«M©^**i«<-r-5fc 
i5<9. V )V<Dmm&1&T-?ttWn:\t. ^©Bft 

[0013] ttmxm$m\z\t. mtus,^ 



[0014] o$o. ee*^caite^(ct±^-xx>>7 
z-ntmrnw- 10-19642 4fto^t&MMT 

*0. #B8¥1 0- 1 9 6 4 2 4^IC*5*ft-ett#5S 
[0 0 15] #116. ge^^er^ii:-5 
fcMttlT^^^. F*ggeEGR«^i!)^x©#ti^sn 

ftatEGR^Clfffltl/T. KA^aSS*i«J6^.Cl 

t c & o t \, v ^ t it m a T * £ „ 

[0 0 16] #3fi9itt. jy._h©J;5^^©T{C» IS 

&xm& t xi£&.xm$i<DW&7Lmiz . $j&z.m&<Dm 
ffl&n&$>z>fzisbiz. ^< •Dfrommwits.v-i zmzs, 
v>t. ^©•y-'f ^;u©Wx&ffi*sjt^EGR»^^we<)tc 

»fs * £@-r pjfgtt^* ^> £ v » 5 nie^[ * m&? & z. 

[0017] 

[Ris)i«fet*fci&offt] z\o)tz#>. tmmnzm 
zmwvit. muz^T^oiz. t&,m.$xiz&^-z&K.ffi 
ttv&EM'XMm* &mmz&\,*Ti&i£mit-e!ki£i!i'X 

mmitxm&xmm&w&zmv'ipffl&ffiit-v-'i zmz 
*5^t. ®&^m(Di&m&ikM^\t&xmM*m&\siz. 
xK&xm<k. w&^(Dm&mitmT°te&E>mxBM 

-5= 

[0018] 2 (c^^^B^T'ii. amm 1 

*M»C*t»T. mrfE^^.^©<SJ±*SltfflijTti. &'xm 

mmm^mz^K). ^xmm^m^^tmz. m±h 
KZtfmm—iitLZ&o. mn<^mmmm^\z^<o . 

[0 0 19] St*«3fC^Sf!WT?tt. lf*JS2('^S 

[0 0 2 0] »*«5JC«*5BWT?f4. IS*«4(Z^^ 
5BMK*^T. Ht(iEf^iJ)^XSS-h#^g«. fXh> 



(4) 



&ffl 2000-1 92828 



[0 0 2 1] »*^6lC^«.^B^Ttt. M#^4fC«-5 

a^ ? y^'v-i- -fx \zt£%>&o z vi&M#mw 
n rnxmavmrnzmft-? s t>©T?&-g> ut^nttt 

kit. ±jE&ttmx*&mft]&zfm^#tfmzm\sx 

[0 0 2 2] mmm 7 \z%z>%wx\l mim a \z&z> 
mmz^x. &um'xmMmiz®tm.ft£Mmft<DJ!-- 

^ -y :/»«*© t°x h xD±.wftmxmmmm^ma 

U fr^^^7s*-n^vym^\Z*k'K-? : y>7*'fe 

mt-r^o 

[0 0 2 3] §1*5! 8 (C^^^HJTtt. If im. 5 ~ 7 \Z 

&z>mw\z&\,>T. mm^mnm^ma. m^it^is^ 

Ttt, IS*«5~8tC^«^HJ{c43^T. igftJ©»4i£ 

So 

[0024] i o iz%z>3£w-mz, mmm 1 ~ 9 

[0025] li*^ 1 1 tctssfgHj§-e«» is*]® i ~ i 
o \z%z>mmz$>^x, ^mxmmm<D^it\t. * 
nfcvxttMxmm^mtzj£iistti:-rz> z\t&mm. 

[0 0 2 6] 

[0 0 2 7] m*B2K^-3f£9H£«kfttf, *»&*-*£© 

[0028] »*S3k:«a5eMic±ntf, j&w«#jw© 



4t:««3BWKJ:n«, «J»*.«©»JEE»l6ifc«Ttt, f£ 

[o o 2 9] »*^5{^-5^(rJ;n«, tfxh>© 
x & a c £ * £ <t x # s . 

[0 0 3 0] Bf*3B6K«*56WK«kntf. gE**#* 

-rx © a => v y tia s j: 5 jcps t fc± 

TT. tfX h >C0»3Sff ST?itlH©«l»*i!(«W* d £ \Z 

[0031] »*S7c«afBWK«tnK, as**** 

itCV-ft^Ot- A^^fC&SJ^lCllifiLfc-k 

+ \z&x-7=7 y mx. mwmn&mmzitz 

•5. 

[0 0 3 2] »*«8tl«*5BWfcJ:ntt. jMP©$^ 

i©»gtt, )Eiagjt*siSt^si:^<T-5^t-e, mmz 

fflfflXZZ. M*H9fc:«*3B91fc«kft«. iIJn©*B» 
"g*t&«, EGRI^l>lit''>a<t5CiT, 3«) 

[0033] st mm 1 0 K«*389ic .tntf. 

[0 0 3 4] gf*^ 1 1 K«*3E9iK:«fc*a«. SE#^ 
M^ii#©J±8SJt«, *n«ttTreE*^*8ift««iri6^:JEE 

-So 

[0 0 3 5] 

©MBSST-afeS., 

[0036] s-r^^iKBj-rsi. x>^>(D->u> 

^-h4&yC#gL^-h5©PSP3PtC, «a#6&t«f 

[0 0 3 7] ®^i#6&t/*M#7&K»-r-5S-*A-> 
^7htrtt« &*A(Ci;-g)©^6R^M^7©f^») 
WW<t U 7 h*©j^^^*flffllBlBM/S^I^l<J^SM 1 0 , 
1 L3WRt?SnTV>.&. i^, Pj*»*«flll 0, 11© 



(5) 



&m2 000-1 92828 



[0 0 3 8] cncio. mts<D'Xfa5iikmiB.mzit* 
03 (i) izmT£o\z, ®.§m<Dffimm*±tt& <t 

DC) iO¥<, #ft#©BJB«W*±?E£J:0iS<U 
T, ©^tg^^CD^-A'^-y^Sr^fc^ BUSK, 
»»#©H«#»I£T5E£ (BDC) iOfeKLT, BE 

[0039] ss*^iie^tc«. swi^tfta*©^ 

■fcWWt'J^haroftSWcfcO. 03 (4) \Z7n-?£o 
\z. #a#OEB«F»!S±?EjiS[«tO*<. KStfPOBBBMia 

±5EjS©«ra'xfBEffl • ~>u 

•e© i ^©-tH" ^;u©ss#xK±o^£n<3. ibj 

iiSBE8SJ£ (£©x>^>T©£*#2&EE*BJfc) . #Jx.tf 

[0040] ummatft 9 awscr. cntct o & 

5ST * .* -f >*it;fttfliB&*tf©W:*£fT 5 ct -5 fc LT 

<t. ®«5£©^«»#<h£^*T. 

(r <£ o Tff o «t 3 fc L T ck o ». 
[0 0 4 1] &'X75if8. *8»iJHt# 9 ©AS. 

6 7 co^m^mm. i o , nn hsl&i-> 

a> hP-;uoL--y htc^^ti. Ma>ha— 
[0 0 4 2] n>Kn-j^Z7hH Mill x>>> 

*.tf. it^a>EBffJfl£>&-!M' ?;u«©*3&ffifiSJt©» 

Zfm<DWm £ ftSB E G R »©HE{±5 *ff 3 . 
[0 0 4 3] &KflUfl£8MPi-r«. B5l:*U 

?t. bmh-t*. tt&xwfcmm^xit&'xm&m 
mzwfr^- zmsn. ornate Ez>z.iz\ztzz>« 

[0 0 4 4] @5©P#giJT0(C*3HT. &UmX\Z&n 



EGRi (rtS&EGRM) at+f-f ^7jl,ft|c^bbT^< 
EGR«t>HtA/ifj*c?Ejft5>cae^OSST?*D. 7^ 

^n.x-^©^i<jm^w (to~t3> tc<fc-s>an© 

ffittJt£EGR»4U-f PfrmiZ&XlZ&fcU 

?;i/a©B#2iiJT3K:ftS. 
[0 0 4 5] 0 5©P#£"JT 1 tCfetriT. BESSittEGR 

£igott£<t. PtSUT 2 tdfc^T. BSSJttEGRfi^g 

[0046] -r&t>^rastcfes©«. c©^jt i a* 

e.T2tT?©KfJbS. ^©F B 1tt. maiJt<hEGR»tt 

[0047] m6iz&mjKDftm&7n-T. *&mz* m 

MT l <tT2©Wf;:a@LTi3D. c©FpS3£ 2 ofc# 
ft, 4 1 r B 1B£^it1r©<£S£iieit{aiJ £ i*ffi«§itfiijtc» it* . 

[0 048] Pt^iJT 1 t T 4 ©^ ($dP_h«B#^JT 0 <h 
T4©ri) "Ctt, 0 3 (2) fc^-rj^&SJfjksUfcf® 
»»«#©BBKtt«-C**©-C. m^itfcEGR 

«». jUbU^n^u^— k (jSM) s-ar*. s©^. 07 

[0 0 4 9] ^-©— |^C<0 7(x^-rJ:c'tC, 

©^ -f >«W»Qmain©if»5J-tt, EttJfc«tiKt>f3£. 

[0 0 5 0] $UzmMT4\ZZzZ>ii. Tti.fr%. 8fMT 
4tT2 0P.l (^IffllJia^f*JT4tT3©ra) Ttt. 0 
3 (3) K*Td:3&««lA»ifO»#a#©f^«ittia 
t^SOT?. mi8H:^»EGR«««lt«W?«<A^*<ft 

So lot, *nftw^i*^xiaaE±#*a-pf^tt^x 

[0 0 5 1] f^lft^XSS±##atLT. 



(6) 



ftffl 2000-1 92828 



mommmmm «5»tf8«»«) Qadd \*. T4Wi 

T 3T-fe*a{;:&£. cnii, (Effilt J ^EGR»^T4^ 
[0 0 5 2] H8H3E(C#tt»C*-r«k'5K. *Hft«8»tt 

3©WT?tt, 0 3 (3) {C^-Tct^JC. V^X*— A* 
jHN&iZS'U >^|*3{C h ^ >y JfcOU-f grafts 

[0 0 5 3] Sfc, tia8tca&«»J:5{c, 

£ sjmcmb eft* o fcw^t? t> , ik^jkt «t: o 8*#£ 

[0 0 5 4] jsk, 09tctt. &WnMm%i£im<Dfc 

HMfXia3Lt##ft<hL,T, 7-ft7t-n7 7 7lffi 

St. 

[0055] cnn v<7-x^--A7-vywr 0 i*fc, 

0. EGR#X©fiffi£5g(Cii#£-tirT> '>&1>EGR 

[0056] ^©ttt&^iiftWtt, tfx h>*^^;ffa 

0ftftifii$tl-S.„ 

[0 0 5 7] V^X^— A^y^Cfffc 

#n ISKtl ±5E,^W3 om£Q'&\Z&'X2tlZ>&. 

o\zwcfc-£nz>. 

[0 0 5 8] dO<t^tt«SlW*:f^Wl^»a±#*ft 



©?t#t$tf^E G R#x©*a«±#t;:<£fcn£fef62&* 

»«i«»i(titt:j:5||8*jSft*fk/jx|fiK:-e**»*3&«* 
-5. *S#**t*<, EGR*7©S3H^MH« 

*^HCdS^TS*«. ^©£j£Lfc*«8HCtt, 

*s»=iBJi-rfpffl*«*so-e, fffB^T*^, tot; 

©«tb«5**©ig#tgfc, 0 6©^3iffa*#t»Qadd £ 
I^D<> T4#jfiTS7C-e. T3(Cifit?*<tcLfcd^T 
4>&<&9, T3T?tt1fnfcft:SJ;3fc:ia3e*n*. 
[0 0 5 91 MEEttJfcS5**X&E— Ffi>6. <£EE*8 

5. m 0ttJiE1H»*:7n— Mr±D5RLfct> 
©-C3&-5. 

[0 0 6 0] ^T77"l (H»|)iS 1 ifETo £i.TI^ 

*§) -cut, aewaswsj u*j«ftffi«©»£tt. x^ 

fc. <6ft *?©»-&«. Xry^3^T, ?gJiffiJt-C 

[0 0 6 1] *&. Xr77"4T1t jfcfa&iWKfcie 

^tt. 5fc©«fc-5fcfllfrr-B («J*ARfiB»^a) . X^- 
y:/5-e*ElfiJtfc*!l5£U ffiffi^lt{iiJ©«^tt. Xt- 

ft) . X:r-y:/7T;W>igfcf»£ii»T3 (K 

ifewwaplfi^ft) . 

[0 0 6 2] ffiSI8Jttt<a«£tt. Xf7y8T*IIff 

a*4txttvr y-x^-- a ^ >y zfmm^ ommt&'Xiz 

ft) . *&, X^y^9T?jk?E^Sr«fflrS. 

[0 0 6 3] *^fflI^tUT. B3C^tXt- 
A* 7 -y ^^©CTT-lftHJ LTft^ ^©{&© g S^iAc 

JESgJt©*©>'X:rA (/W^-f 5 >^f4X;t3&:V») 

ixwsii ^^rWJiJ'— F-c»*-c*a*«, .torn 

tl^V^©TSS77X»^<^<. »«»«SJi#S-e: 

f.n5. C©^^T*fe^T©^ffl$rff5. 
[0 0 6 4] ffiflEttJt*:fa&*3agiE-Fj&»&. KlEiSS 

[0 0 6 5] m\zm&itw±&z> t. t:x h >wmnm 
izfemntim&v&M i^mmzm ^ $ ^©ij-t 



(7) 



ftffl 2000-1 92828 



[0 0 6 6] MCffi»Jt*t±3Wat. j£JjD©8*¥*>»#t£ 
[0 0 6 7] L*»U ffilSJt©«#aS£*ffi±+#* 
[0 0 6 8] Sfc, ftfe©0iJi:bT. 

rt)V7*-n? v y&xz < ts. k> . ck o as#**»*< 

*l$ffl© U «fc DffiWJtJ^*** t, 

[0 0 6 9] (SJ£1&l£'X1£&'Xmifc : E- K*6. ^ffiSI 

[0070] KizffiMiH:At±«t« tfx h >mmnm 

©aStfXOfiflESiffSli:. #C©+M-^T-©gBS 
*&4^fcHffi*8JtT&<T*>igC£-B:*. C©t#, 

A*^>>-y»fe^<^:oTVi-g>©T:. ^©-y-r 

i7;U©«^#Xi&«fc-k#-r-5. EEffiiktffE 

[0 0 7 1] MtCffiffiJt^-h^*-5<t, /E*§tfc©^T-fcg 
B^3&ifid-5©T» iiJD©«S^iS*tSrJl:«>S. £©<h 
*. SB^ik^fe^E- K^©^ffS:^TLfciC<h^^ 

-m&^©T. •€-©iaS±#5()^tt^-5*^ A\)l^*-f 
5 > ^#1^ C S * © * f) — t) )Vtz pr^ffi6§ifc A 

[0 0 7 2] SSffiBtfc^B*^^- Kj&»6. ffiffiSfc 

5. UA±©<t5»c A«RttH©«ttffl 

ffliSiTtt, iiSffi8§J£©SB**<h{gffim©*^* 



S E**£ig£ 5 icLfc©-?, «*A.«t'fcyy 

[0 0 7 3] C©gftLT> gB*^*^UTSI^ 
hf > ^ n X ©(SM*MhI t & -5 . 

. [0074] mz. ^rnxm^^-r^-n^yf 
ffimz-rzm&iziz. jess jt <t e g r \zm<v> 

±X^--A^ v -fVZ LftVvBSjjg©x>>?>-T?t>, #fg93 
[01] *5BM©«fiK6*-r«ffiyay^H 

[0 2 ] *mmv-mm&&*7ii-tf*itemm(Dism® 
[03] BiaE»#««fc:«k*aB*iWiet^c^i»c 

[04] eB»^ate««ti>c?Eja^3ie<B*©— « 
£^-r0 

[0 5] «£*©S5f«ltjicMi'c««6©«iz. 
B#©$ij^€r^-r0 
[0 6] *^W© SS*«it 

x.^F©©jtai©— ^j*^-T0 

[0 7] jsyuwiiji'- Htct-sy ^^iHijSt h;^ 
M^$^-r0 

[0 8 ] ^WffiWJtO?Sffll8Jtfl|0Df^ffl©— 

0 

[09] v^y-x^--A7-yy(c«t^gB#jkiie-> 
X r- A K*5tt ^> «jm AB#© 4" P3ffil8Jfc©fl5ffiH8JfcflJ©f£ 
ffl©— P"JSr^-T0 

[010] ^AfWfflf©«EBS*^-r7P— ^-v— h 

[?5F^©IffiW] 

1 ->U>^ 

2 t:X h > 

3 mmrn. 

4 R«sB- h 

5 h 
6 

7 

8 &.>X77tf 

9 «B»RRIt# 

10, 11 Pl^ift#^g 



(9) 



4$PB 2000-1 92828 



[0 5] 



on 










ma** 

t&nc{&-^off 












n n 
ll ll 


i n n n 
1 II II II 


1 
1 


1 


"lOO 

EGR*% 

o 


i 

—j — 1 








_i— J r_ J 






15 

mmmtt 

io 




i 
















































7 = 


TO T 


i 

1 T 


2 T 


3 



[09] 



TDC BDC TDC BDC TDC BDC TOC 




2000-1 92828 



[06] 



on 

tumn* off 



100 



EGR£*> 



»E*tt 



15 
10 



Aft 



1_JL 



I 



1 



Qmain 




M*Qadd 



T = 



TO 



71 



74 



72 



73 



(11) 



2000-1 92828 



10] 



C START J 
i 

X gag 

(OA.) 



S 2 



S4 



S 5 



< 







S 3 





< 



X Y ES 



NO 



lEfSJt 



> 



S 6 



S 7 



(U»-P) 

* 



S 8 



XI* 



S 9 



4 



(retu rn) 



7D^h — i/CDffli^ 

(51) Int. CI. 7 ^S'JIH^ FI f-?3-K (##) 

F02M 25/07 5 7 0 F 0 2 M 25/07 5 7 0 Z 

F0 2P 5/15 F0 2P 5/15 B 

(72)5gHJi# J|# 

#&Jlli^»T|f#*JIIK£>T2#* 0g 

(72)Sfi9Nf «oj m 



(12) 



ftffl 2000-1 92828 



3G022 


AAOO 


BA01 


CA09 


DA02 


EA02 




EA07 


GA05 








3G023 


AA06 


AA17 


AB06 


AC04 


AFOO 




AGOO 










3G062 


AA10 


BA08 


BA09 


CA07 


CA08 




GAOO 


GA06 


GA26 






3G092 


AA01 


AA02 


AA06 


AA11 


AA12 




BA08 


BA09 


BB01 


BB06 


BB13 




DA01 


DA02 


DA03 


DA12 


DC09 




DD03 


DG05 


DG08 


EA01 


EA02 




EA03 


EA04 


EA11 


FA04 


FA05 




FA14 


FA15 


FA16 


FA24 


GA05 




GA06 


GA14 


HA13X HA13Z 



HBO IX HB02X HC03X HC09X 
HD07X HE01Z HF08Z 



3G301 HA01 HA02 HA04 HA19 JA04 
JA21 JA22 JA37 KA11 LA07 
LB04 MA11 MA19 MA23 NE01 
NE06 NE11 NE12 NE21 PB03A 
PB05A PC05A PD15A PE09A 
PE10A PE10Z PF03Z 



Page 1 of 8 



* NOTICES * 

Japan Patent Office is not responsible for any 
dam ages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is the jump-spark-ignition type internal 
combustion engine of the four-cycle mold for automobiles, and relates to the combustion control system 
of the internal combustion engine which makes self-ignition combustion perform in a specific operating 
range especially. 
[0002] 

[Description of the Prior Art] As an internal combustion engine which has a conventional self-ignition 
operating range, there is the following, for example. 

[0003] In the field of the jump-spark-ignition type internal combustion engine of a two-cycle mold, 
while canceling the combustion instability at the time of a partial load, in order to aim at reduction of 
HC (hydrocarbon) discharge, the technology which used the self-ignition combustion in a cylinder 
positively is proposed. For example, the residual-gas concentration in a cylinder is raised, the cylinder 
internal pressure at the time of compression stroke initiation is raised, and the example which controls 
the combustion stage of self-ignition is indicated by by intercepting a part of flueway to "HONDA R&D 
Technical Review" of issue on July 1, 1994 at the time of a low load. 

[0004] Self-ignition needs to become more than level with the temperature and the pressure of working 
medium. It is stabilized and it is necessary to cause self-ignition by using EGR gas in large quantities as 
mentioned above, raising a compression ratio, or using both together as the means. 
[0005] By the aim, invention is offered from these people about one example for using such self-ignition 
positively in the jump-spark-ignition type internal combustion engine of a four-cycle mold. 
[0006] The invention is Japanese Patent Application No. No. 235730 [ ten to ], and an inlet valve and an 
exhaust valve are equipped with the adjustable moving valve mechanism which makes adjustable the 
actuation period and amount of lifts. At the time of the usual jump-spark-ignition operation, by this 
While making it a low compression ratio, carrying out overlap of an inlet valve and an exhaust valve to 
minus, shutting up a part of exhaust air in a cylinder, securing many so-called amounts of internals EGR 
at the time of self-ignition operation and raising the working medium temperature of the following cycle 
It is stabilized easily and self-ignition is made to cause by carrying out the close stage of an inlet valve 
near a bottom dead point, taking a high effective compression ratio, and making both compression 
temperature and a pressure into the level to which self-ignition stabilized and happens by making high 
the pressure near a compression top dead center as much as possible. 
[0007] 

[Problem(s) to be Solved by the Invention] However, it is at the jump-spark-ignition operation and self- 
ignition operation time, and since the demands of a compression ratio or the amount of EGR(s) differ, 
when a self-ignition operating range is restricted, it is necessary to switch jump spark ignition and self- 
ignition according to operational status, therefore to switch a compression ratio, the amount of EGR(s), 
etc. The cycle which becomes the middle value of the compression ratio 10 as which a compression ratio 
is required by jump spark ignition, and the compression ratio 15 demanded by self-ignition since it is 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



2/26/2004 



.Page 2 of 8 



never as quick as the speed of a change is completed by the engine next cycle in that case comes out. 
[0008] The middle compression ratio at the time of such a change of the compression ratio or the 
amount of EGR(s) is inadequate for causing self-ignition, and, moreover, the compression ratio and the 
amount of EGR(s) have with it level which causes knocking while the jump-spark-ignition stage has 
been the usual jump-spark-ignition stage setup. That is, the way things stand, knocking will surely take 
place at the time of the change of jump-spark-ignition operation mode and self-ignition operation mode, 
and it may lead also to damage on about [ being unpleasant ] and an engine for an operator. 
[0009] It is necessary to carry out normal combustion by carrying out self-ignition or carrying out jump 
spark ignition in such a middle compression ratio in the semantics. For example, it is necessary to raise 
working medium temperature, and as the means, when self-ignition tends to be carried out, as it is in 
JP,10-73019,A or JP,10-122015,A, for example, the means which raises exhaust gas temperature by 
injecting a fuel is in the expansion stroke of a piston. 

[001 0] However, these invention is invention to carry out the temperature up of the catalyst of an 
exhaust pipe lower stream of a river, and just it is inadequate [ invention ] so that it may state below like 
this invention to the technical problem and the purpose which raise the working medium temperature of 
the following cycle. That is, even if it does not become the working medium of the engine whose they 
are all the following cycles even if exhaust gas temperature becomes high and is sent to a suction port 
through an EGR path as the so-called exterior EGR, there is a time lag and it is not enough for the 
following cycle. Therefore, in respect of the rise of working medium temperature [ as opposed to 
aggravation of fuel consumption only at being used for the gas-temperature rise whose part to which 
temperature became high is the following cycle as the exhaust gas returned by inhalation of air during an 
overlap period, or gas which remains in a cylinder ], it is not necessarily efficient. 
[001 1] On the other hand, only by compression of a piston, it is made for self-ignition not to occur in 
JP,10-196424,A, and temperature is raised to it near the compression top dead center of a piston with 
other means, and it has invention which it is stabilized [ invention ] and makes self-ignition cause. 
According to this, the cycle in which a compression ratio and the amount of EGR(s) are insufficient for, 
and self-ignition does not occur in a middle compression ratio can also cause self-ignition, but in fact, 
this engine's fundamental compression ratio cannot but be so low that self-ignition does not break out, 
therefore the thermal efficiency of a cycle cannot but become low. 

[0012] In order to make high the heat efficiency of internal combustion engine, this invention is aiming 
at the internal combustion engine which makes operation possible with the high compression ratio, and 
cannot attain the purpose with a means by which the thermal efficiency of a cycle falls. 
[0013] That is, at the time of self-ignition operation, as much as possible, in a high compression ratio, 
the aim which realizes the internal combustion engine which makes cycle thermal efficiency high as 
much as possible is in this invention, and the feature peculiar to this invention which must be operated 
with a compression ratio lower than usual it occurs in fields other than a self-ignition operating range in 
connection with it. 

[0014] that is, it is the premise of this invention that the compression ratio of a base engine turns into a 
high compression ratio with high cycle thermal efficiency to which it appears so much and self-ignition 
happens at the time of self-ignition operation, this is a big difference point with JP,10-196424,A, and it 
is clear that the purpose of this invention cannot be attained with the means in JP,10-196424,A. 
[0015] Of course, although the internal combustion engine which utilizes both a compression ratio and 
internal EGR is also considering as the object in this invention in order to make self-ignition cause, 
internal EGR is in a cylinder from from, before supplying working medium, and keeps the gas 
temperature in a cylinder high. In the case of direct injection which cannot say that a temperature rise is 
additionally given to a combustible gas mixture, and is in this invention, as not the temperature rise of a 
combustible gas mixture but an operation of internal EGR gas, since this will raise inhalation air 
temperature, it is clear that it is not raising temperature additionally about the combustible gas mixture. 
[0016] Since this invention has the time lag of a change means under the above conditions at the time of 
the change of self-ignition operation and jump-spark-ignition operation In some transitional cycles, the 
effective compression ratio and the amount of EGR(s) of the cycle become in-between. Knocking occurs 
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without self-ignition breaking out. To an operator or a fellow passenger [ that it is unpleasant and ] 
Engine stability is spoiled and operability may get worse, and when the degree of knocking is intense, it 
aims at solving the trouble that damage on an engine may be occurred. 
[0017] 

[Means for Solving the Problem] For this reason, in invention concerning claim 1, as shown in drawing 
1 , it sets to a combustion control system of an internal combustion engine which performs jump-spark- 
ignition combustion in self-ignition combustion and a heavy load at a low compression ratio in a low 
load with a high compression ratio. In a middle compression ratio cycle at the time of a change of self- 
ignition combustion and jump-spark-ignition combustion, it is characterized by establishing a change 
tense means to make self-ignition combustion perform at a low compression ratio side of a change 
region by high compression ratio side of jump-spark-ignition combustion which adjusted ignition 
timing, and a change region. 

[0018] In invention concerning claim 2, in invention concerning claim 1, it is characterized by adjusting 
fuel oil consumption with a fuel-oil-consumption adjustment means at a low compression ratio side of 
said change region so that generating torque may serve as abbreviation identitas with an ignition timing 
adjustment means, while delaying ignition timing. 

[0019] In invention concerning claim 3, the amount of delay of ignition timing is characterized by 
making it so large that a compression ratio being high in invention concerning claim 2. In invention 
concerning claim 4, it is characterized by raising working medium temperature with a working medium 
temperature rise means in invention concerning claims 1-3 at a high compression ratio side of said 
change region. 

[0020] In invention concerning claim 5, said working medium temperature rise means is characterized 
by being what injects an additional fuel by expansion stroke of a piston in invention concerning claim 4. 
[0021] In invention concerning claim 6, in invention concerning claim 4, it has an adjustable moving 
valve mechanism adjusted so that overlap of an inlet valve and an exhaust valve may be subtracted at the 
time of self-ignition combustion, and said working medium temperature rise means is characterized by 
being what injects an additional fuel by expansion stroke of a piston. Here, it says that overlap of minus 
establishes a period when a comb and an open stage of an inlet valve were made at later than a top dead 
center, and both an inlet valve and an exhaust valve have already closed a close stage of an exhaust 
valve near the top dead center from a top dead center. 

[0022] It has an adjustable moving valve mechanism adjusted so that overlap of an inlet valve and an 
exhaust valve may be subtracted in invention concerning claim 4 at the time of self-ignition combustion, 
and said working-medium temperature rise means injects an additional fuel by up stroke of a piston in a 
minus overlap period, and an ignition plug operates during a minus overlap period, and it carries out that 
it is what bums an additional fuel as the feature by invention concerning claim 7. 

[0023] In invention concerning claim 8, additional fuel oil consumption is characterized by making it so 
few that a compression ratio being high in invention concerning claims 5-7. In invention concerning 
claim 9, additional fuel oil consumption is characterized by making it so few that there being many 
amounts of EGR(s) in invention concerning claims 5-8. 

[0024] In invention concerning claim 10, it is characterized by also lighting a high compression ratio 
side of said change region, and delaying the ignition timing, so that a compression ratio is high in 
invention concerning claims 1-9. 

[0025] In invention concerning claim 1 1, a compression ratio at the time of self-ignition combustion is 
characterized by considering as a compression ratio in which self-ignition combustion is possible only 
by it in invention concerning claims 1-10. 
[0026] 

[Effect of the Invention] Since both operating range can shift smoothly, without knocking occurring 
during the change of self-ignition combustion and jump-spark-ignition combustion by making self- 
ignition combustion perform in the middle compression ratio cycle at the time of the change of self- 
ignition combustion and jump-spark-ignition combustion by the high compression ratio side of the 
jump-spark-ignition combustion which adjusted ignition timing in the low compression ratio side of a 
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change region, and a change region according to invention concerning claim 1, the effect that good 
operability and silence can acquire is acquired. 

[0027] While delaying ignition timing, knocking is not only avoidable, but the stable rotation is 
securable by the low compression ratio side of a change region, according to invention concerning claim 
2, by adjusting fuel oil consumption so that generating torque may serve as abbreviation identitas. 
[0028] According to invention concerning claim 3, the amount of delay of ignition timing can make a 
knocking sparing effect suitable by making it so large that a compression ratio being high. According to 
invention concerning claim 4, it can be stabilized and self-ignition can be made to cause by raising 
working medium temperature with a working medium temperature rise means in the high compression 
ratio side of a change region. 

[0029] According to invention concerning claim 5, working medium temperature can be raised certainly, 
it can be stabilized, and self-ignition can be made to cause by injecting an additional fuel by the 
expansion stroke of a piston. 

[0030] Working medium temperature can be raised still more certainly, it can be stabilized, and self- 
ignition can be made to cause by injecting an additional fuel by the expansion stroke of a piston, after 
according to invention concerning claim 6 adjusting so that it may become overlap of minus at the time 
of self-ignition combustion. 

[0031] Working medium temperature can be raised still more certainly, it can be stabilized, and self- 
ignition can be made to cause by injecting an additional fuel by the up stroke of the piston in a minus 
overlap period, and operating an ignition plug during a minus overlap period, and burning an additional 
fuel, after according to invention concerning claim 7 adjusting so that it may become overlap of minus at 
the time of self-ignition combustion. 

[0032] According to invention concerning claim 8, additional fuel oil consumption is making it so few 
that a compression ratio being high, and can be controlled appropriately. According to invention 
concerning claim 9, additional fuel oil consumption is making it so few that there being many amounts 
of EGR(s), and can be controlled appropriately. 

[0033] According to invention concerning claim 10, the high compression ratio side of a change region 
is also lit, and by delaying, so that a compression ratio is high, even when self-ignition does not break 
out, the ignition timing can make combustion able to cause by jump spark ignition, and can prevent 
aggravation of operability or exhaust air. 

[0034] According to invention concerning claim 11, the compression ratio at the time of self-ignition 
combustion can make thermal efficiency high as much as possible by considering as the compression 
ratio in which self-ignition combustion is possible only by it. 
[0035] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
Drawing 2 is the schematic diagram of the internal combustion engine which shows 1 operation gestalt 
of this invention. 

[0036] If a configuration is explained first, opening of a suction port 4 and the exhaust air port 5 is 
equipped with the inlet valve 6 and the exhaust valve 7 in the combustion chamber 3 formed by an 
engine cylinder 1 and an engine piston 2. Moreover, while having the ignition plug 8 for jump spark 
ignition so that a combustion chamber 3 may be attended, it has the fuel injection valve 9 of a direct 
injection type. 

[0037] Both the actuation period of the inlet valve 6 by each cam and an exhaust valve 7 and the amount 
of lifts are prepared in the controllable adjustable moving valve mechanisms 10 and 1 1 by each cam 
shaft which drives an inlet valve 6 and an exhaust valve 7. In addition, as an actuator of the adjustable 
moving valve mechanisms 10 and 1 1, oil pressure or an electric motor is used, for example. 
[0038] Thereby, as shown in drawing 3 (1) at the time of the usual jump-spark-ignition operation, the 
close stage of an exhaust valve is early made later [ than a top dead center (TDC) ] than a top dead 
center for the open stage of an inlet valve, overlap of an inlet valve and an exhaust valve is given, the 
close stage of an inlet valve is made later than a bottom dead point (BDC), and a compression ratio is set 
at coincidence to the low compression ratio (about [ for example, ] 10) of the degree which does not 
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knock. 

[0039] At the time of self-ignition operation, by control of the actuation period of an inlet valve and an 
exhaust valve, and the amount of lifts, as shown in drawing 3 (4), the open stage of an inlet valve is 
early made later [ than a top dead center ] than a top dead center for the close stage of an exhaust valve, 
and minus overlap is established. That is, when a part of closing and exhaust gas are stopped in a 
cylinder in the middle of an exhaust stroke (internal EGR), an exhaust valve is compressed and 
expanded before and behind a top dead center and cylinder internal pressure becomes a suction-port 
pressure degree, an inlet valve is opened and new air is inhaled in a cylinder. Thereby, new air is heated 
by the residual gas of the cycle in front of one of them. The close stage of an inlet valve sets a 
compression ratio as near a bottom dead point at coincidence to a high compression ratio (the maximum 
effective compression ratio in this engine) (about [ for example, ] 15). Therefore, since new air can take 
a high compression ratio while being heated with residual gas, it becomes able [ the temperature and the 
pressure near a compression top dead center ] to reach level which makes self-ignition cause stably. 
[0040] Although it is made to perform both the Maine injection which is a direct injection type and this 
mentions later, and auxiliary injection, a fuel injection valve 9 prepares the fuel injection valve which 
injects a fuel by the suction port 4, and the fuel injection valve of a direct injection type, and the fuel 
injection valve by the side of a suction port may perform Maine injection, and it may be made to 
perform auxiliary injection by the fuel injection valve of a direct injection type. 
[0041] It connects with the control unit which is not illustrated and the adjustable moving valve 
mechanisms 10 and 1 1 of the inlet valve 6 besides an ignition plug 8 and a fuel injection valve 9 and an 
exhaust valve 7 are controlled based on the signal from this control unit. 

[0042] A control unit inputs signals, such as an engine speed and accelerator pedal opening (torque), and 
distinguishes a self-ignition operating range by the side of a low load as shown in drawing 4 , and a 
jump-spark-ignition operating range by the side of a heavy load. Furthermore, the signal which carries 
out the monitor of the actuation of an inlet valve 6 or an exhaust valve 7 is inputted, for example, 
calculation of calculation of the effective compression ratio for every cycle, and the open stage of an 
inlet valve and the close stage of an exhaust valve to the amount of overlap and calculation of the 
amount of internals EGR are performed from the close stage of an inlet valve. 

[0043] Next, an operation is explained. First, in drawing 5 , the case where the transient-characteristic 
action in the case of the conventional internal combustion engine is shifted to a self-ignition operating 
range from a jump-spark-ignition operating range is taken and explained to an example. When shifting 
to a jump-spark-ighition operating range from a self-ignition operating range, the reverse of drawing 5 
will be followed. 

[0044] In the time of day TO of drawing 5 , a judgment which shifts to self-ignition is made by the 
control unit, and a self-ignition indication signal serves as On. Although actuators, such as oil pressure 
or an electric motor, begin to move in an adjustable moving valve mechanism and the compression ratio 
and the amount of EGR(s) (the amount of internals EGR) change for every cycle in order to change 
actuation of an inlet valve and an exhaust valve according to it The delay in the following cycle used as 
On, most of a compression ratio or the amount of EGR(s) is still still in the state at the time of jump- 
spark-ignition operation, and according to the actuation duration (TO - T3) of an actuator sake, It 
becomes time-of-day T3 of for example, 8 cycle eye for a compression ratio and the amount of EGR(s) 
to change gradually for every cycle, and for self-ignition to be stabilized finally, and to happen. 
[0045] In the time of day Tl of drawing 5 , since a compression ratio and the amount of EGR(s) increase 
a little highly, if a jump-spark-ignition stage remains as it is, knocking takes place. If shift of a cam is 
then continued, in time of day T2, a compression ratio and the amount of EGR(s) will reach the level 
which makes self-ignition cause, self-ignition will happen, and knocking will be lost. 
[0046] That is, from this time of day Tl before T2 becomes a problem. In the meantime, while a 
compression ratio and the amount of EGR(s) are in the process which increases highly, respectively, for 
causing self-ignition, it is insufficient, and in with a setup with a low compression ratio of ignition 
timing, it is the field from which knocking is started. 

[0047] An operation of this invention is shown in drawing 6 . This invention is observing between time 
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of day Tl and T2, and divides during this period into a low compression ratio [ in a middle compression 
ratio ], and high compression ratio side by dividing into two. It considers as the time of day which kicks 
time-of-day T four that much. 

[0048] Between time of day Tl and T four (on control between time of day TO and T four), since it is in 
the closing motion condition of the induction-exhaust valve in the middle of a change as shown in 
drawing 3 (2), there are also still few amounts of a compression ratio and EGR(s) comparatively low. 
Therefore, although jump spark ignition is carried out, the retard (delay) of the ignition timing is carried 
out. Under the present circumstances, as shown in drawing 7 , the compression ratio which serves as a 
knocking limit by ignition timing retard becomes high, and knocking can be avoided. 
[0049] As similarly shown in drawing 7 on the other hand, in order that [ the ] a heat release stage may 
be overdue with ignition timing retard, cycle efficiency gets worse and torque decreases. Therefore, the 
torque decrement deltaTorque In order to compensate, the quantity of the Maine injection quantity 
Qmain in an intake stroke is increased. An air- fuel ratio becomes a rich side by this, and a knocking 
sparing effect can also be enlarged further. It cannot so be overemphasized that an increased part of this 
Maine injection quantity Qmain is so close to T four that [ that is, ] a compression ratio is high that it is 
made [ many ]. 

[0050] Next, since it will become the actuation condition of the induction-exhaust valve in the middle of 
a change as shown in drawing 3 (3) between time-of-day T four and T2 (on control between time-of-day 
T four and T3) if it becomes time-of-day T four namely, a compression ratio and the amount of EGR(s) 
increase comparatively highly. Therefore, with an auxiliary working medium temperature rise means, 
working medium temperature is raised and carries out self-ignition combustion. 
[0051] Drawing 6 shows the example which raises an exhaust-gas temperature as a working medium 
temperature rise means using a means to inject an additional fuel (auxiliary fuel), by the expansion 
stroke of a piston. Additional fuel oil consumption Qadd (expansion-stroke injection quantity) Near T 
four, its weight is reduced after it, and it becomes zero by time-of-day T3 which a change completes. 
This is for reaching such sufficient level that it increasing highly and self-ignition happening by T2 
before time-of-day T3 as a compression ratio and the amount of EGR(s) become T3 from T four. 
[0052] As further shown in details at drawing 8 , an auxiliary fuel is injected by the expansion stroke 
and, thereby, an exhaust-gas temperature becomes high. Although an effect is hard to be acquired only 
by exhaust gas not turning to the following cycle so much as residual gas, but carrying out expansion- 
stroke injection since there is little overlap, usually, with this operation gestalt Since it is considering as 
minus overlap, as shown in drawing 3 (3), between T four and T3, minus overlap becomes quite large, 
the trap of many parts is certainly carried out into a cylinder from that of exhaust gas, and the working 
medium temperature of the following cycle can be raised considerably. Therefore, in this invention, the 
working medium temperature rise of the following cycle is effectively realizable by considering as a 
minus overlap configuration with expansion- stroke injection. 

[0053] Moreover, in this case, as shown in drawing 6 and drawing 8 , jump spark ignition is also used 
together. The retard of it is carried out, so that the ignition timing of this jump spark ignition has so 
many amounts of EGR(s) that a compression ratio is high, and it is set up behind the top dead center by 
drawing 8 . This is for preventing continuing turning and aggravation of operability or exhaust air taking 
place, without making combustion cause by jump spark ignition, and an engine carrying out a flame 
failure, even when self-ignition does not break out. 

[0054] Furthermore, an additional fuel (auxiliary fuel) is injected to drawing 9 by the up stroke of the 
piston in a minus overlap period as another working medium temperature rise means, and an ignition 
plug is operated to it during a minus overlap period, and the example using a means to burn an 
additional fuel is indicated to be expansion-stroke injection to it. 

[0055] This is for raising the temperature of EGR gas further, heating new air enough also in the small 
amount of EGR(s), and making it make self-ignition cause by injecting directly and carrying out jump 
spark ignition of the fuel, and burning it during a minus overlap period. 

[0056] This auxiliary fuel injection is the period when a piston goes up by the exhaust stroke, and is 
timing which the injected fuel does not blow from an exhaust valve, and is injected during a minus 
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overlap period. Desirably, it takes for the neighborhood 70 degrees from 30 degrees in front of a top 
dead center. 

[0057] Ignition is performed during minus overlap and it is desirably carried out before and behind a top 
dead center. If it lights not much early, since engine minus work will increase, it is desirably set up so 
that it may be lit after 30 degrees in front of a top dead center. 

[0058] Such an auxiliary working medium temperature rise means is peculiar to a minus overlap 
configuration, and since all injection fuels are used for the temperature rise of EGR gas, it is efficient. 
Moreover, by choosing ignition timing, heat release is carried out behind a top dead center, plus is 
worked to a piston, and there is the feature as for which fuel consumption aggravation by auxiliary fuel 
injection is made to the minimum. Moreover, there is much injection quantity, and since unburnt [ the / 
which was generated / HC ] has the operation which causes the self-ignition of the cycle easily in 
reverse as a combustion intermediate product although unburnt [ HC ] generates when there is little 
oxygen of EGR gas, it is convenient. Therefore, the injection quantity of this auxiliary fuel is also the 
expansion-stroke injection quantity Qadd of drawing 6 . Similarly, near T four, at the maximum, it 
decreases as T3 is approached, and in T3, it is set up so that it may become zero. 

[0059] In case it switches from high compression ratio self-ignition operation mode to low compression 
ratio jump-spark-ignition operation mode, the above-mentioned reverse is performed. Drawing 10 shows 
the above-mentioned control with a flow chart. 

[0060] Step 1 (it is described in drawing as SI.) Distinguishing a operating range in it being the same as 
that of the following, in by the side of a heavy load, it progresses to step 2, and it performs jump-spark- 
ignition control with a low compression ratio. Moreover, in the case of a low load, it progresses to step 
3, and it performs the self-ignition combustion control in a high compression ratio. 
[0061] Moreover, it judges whether it is the change region of jump-spark-ignition combustion and self- 
ignition combustion, and, in the case of a change region, controls by step 4 as follows (change tense 
means). A real compression ratio is judged at step 5, and, in by the side of a low compression ratio, the 
retard of the ignition timing is carried out at step 6 (ignition timing adjustment means). Moreover, the 
quantity of the Maine injection quantity is increased at step 7 (fuel-oil-consumption adjustment means). 
[0062] In by the side of a high compression ratio, working medium temperature is raised at step 8 by 
expansion-stroke injection, or the injection and ignition during a minus overlap period (working medium 
temperature rise means). Moreover, jump spark ignition is used together at step 9. 
[0063] As explanation of this invention, although the example of the minus overlap configuration of 
drawing 3 has explained, the system (valve timing does not change) of only a mechanical adjustable 
compression ratio can be considered as an internal combustion engine's example accompanied by other 
self-ignition operating range. Also in this case, although it can respond by ignition timing retard, if a 
compression ratio goes up more, any longer, by ignition timing retard, an output can decline and cannot 
respond the first stage which the compression ratio goes up. Moreover, although the effect is controlled 
even if the amount of residual gas raises many exhaust-gas temperatures, since valve timing is not 
changed, the facilitatory effect of self-ignition is acquired. Even in this case, the following operations 
are performed. 

[0064] Since it becomes easy to knock from immediately after change directions as a compression ratio 
goes up in case it switches from low compression ratio jump-spark-ignition operation mode to high 
compression ratio self-ignition operation mode, ignition timing is delayed, and jump spark ignition is 
carried out, controlling knocking. 

[0065] Furthermore, the temperature of the residual gas of following SAIKURUHE is raised, and the 
self-ignition in the following cycle is made to inject an additional fuel to a piston expansion stroke, to 
make combustion cause, and to cause, if a compression ratio goes up even if it is not sufficient high 
compression ratio. 

[0066] Furthermore, if a compression ratio goes up, additional fuel injection will be stopped. It means 
completing the shift to self-ignition operation mode at this time. Since the intake-air temperature all 
whose additional injection fuels are the following cycles is not raised compared with the system of 
minus overlap, the temperature rise effectiveness is inferior. 
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[0067] However, self-ignition combustion is realizable by making the speed of response of a 
compression ratio practically sufficiently quick, carrying out knocking control. In case it switches from 
high compression ratio self-ignition operation mode to low compression ratio jump-spark-ignition 
operation mode, the above-mentioned reverse is performed. 

[0068] Moreover, a compression ratio may be adjusted by twisting the cam shaft of an inlet valve as 
other examples. In this case, with a low compression ratio, there is little bulb overlap, in a high 
compression ratio, bulb overlap becomes large and its residual gas increases more. In this case, if it can 
respond by the retard of ignition timing and a compression ratio goes up more the first stage which the 
compression ratio goes up, the amount of overlap is also large at coincidence. For this reason, self- 
ignition can be caused, even if the intake-air temperature of the following cycle also rises and a 
compression ratio does not go up completely, since there are many amounts of residual gas of following 
S AIKURUHE when the temperature of exhaust gas is raised. 

[0069] Since it becomes easy to knock from immediately after change directions as a compression ratio 
goes up in case it switches from low compression ratio jump-spark-ignition operation mode to high 
compression ratio self-ignition operation mode, ignition timing is delayed, and jump spark ignition is 
carried out, controlling knocking. 

[0070] Furthermore, the temperature of the residual gas of following S AIKURUHE is raised, and the 
self-ignition in the following cycle is made to inject an additional fuel to a piston expansion stroke, to 
make combustion cause, and to cause, if a compression ratio goes up even if it is not sufficient high 
compression ratio. Since the amount of bulb overlap has also increased at this time, the inhalation-of-air 
gas temperature of the following cycle also rises. For this reason, self-ignition can be caused even if a 
compression ratio does not rise completely. 

[0071] Furthermore, if a compression ratio goes up, since self-ignition happens, only a compression 
ratio will stop additional fuel injection. It means completing the shift to self-ignition operation mode at 
this time. Since the intake-air temperature all whose additional injection fuels are the following cycles is 
not raised compared with the system of minus overlap, the temperature rise effectiveness is inferior, but 
if valve timing compares with the still same mechanical adjustable compression ratio system, 
temperature rise effectiveness is high. 

[0072] In case it switches from high compression ratio self-ignition operation mode to low compression 
ratio jump-spark-ignition operation mode, the above-mentioned reverse is performed, as mentioned 
above, in the combustion control system of the internal combustion engine concerning this operation 
gestalt While carrying out the retard of the ignition timing by the ignition plug in a low compression 
ratio side and controlling knocking in the middle compression ratio in the middle of a change in the time 
of the change of operation of the self-ignition of a high compression ratio, and jump spark ignition of a 
low compression ratio Since it can shift to self-ignition, without knocking occurring during a change 
since working medium temperature is raised with an auxiliary and temporary means in a high 
compression ratio side and it was made to make self-ignition cause, the effect that good operability and 
silence are maintained is realized. 

[0073] Since self-ignition is stabilized, it can realize as this result and the throttle valve prepared in the 
middle of the inhalation-of-air path like before does not need to restrict the amount of the new mind 
inhaled at the time of a partial load, reduction of the pumping loss resulting from inhalation negative 
pressure is attained. 

[0074] Since a compression ratio and the amount of EGR(s) move in [ both ] making it a minus overlap 
configuration especially at the time of self-ignition, the effect that an exhaust-gas-temperature rise or the 
ignition to the auxiliary injection fuel in an inhalation-of-air top dead center is effectively used for the 
rise of the working medium temperature of the following cycle is acquired. However, the effect 
according to this invention also in the engine of a configuration of not making it minus overlap is 
acquired enough practically. 
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* NOTICES * 
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precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The combustion control system of the jump-spark-ignition combustion which adjusted 
ignition timing by low compression ratio side of a change region in a middle compression ratio cycle at 
the time of a change of self-ignition combustion and jump-spark-ignition combustion in a combustion 
control system of an internal combustion engine which performs jump-spark-ignition combustion with a 
low compression ratio in self-ignition combustion and a heavy load in a low load with a high 
compression ratio, and the internal combustion engine characterized by to establish a change tense 
means make self-ignition combustion perform in a high compression ratio side of a change region. 
[Claim 2] A combustion control system of an internal combustion engine according to claim 1 
characterized by adjusting fuel oil consumption with a fuel-oil-consumption adjustment means so that 
generating torque may serve as abbreviation identitas with an ignition timing adjustment means in a low 
compression ratio side of said change region, while delaying ignition timing. 
[Claim 3] The amount of delay of ignition timing is the combustion control system of an internal 
combustion engine according to claim 2 characterized by making it so large that a compression ratio 
being high. 

[Claim 4] A combustion control system of an internal combustion engine of any one publication of 
claim 1 characterized by raising working medium temperature with a working medium temperature rise 
means in a high compression ratio side of said change region - claim 3. 

[Claim 5] Said working medium temperature rise means is the combustion control system of an internal 
combustion engine according to claim 4 characterized by being what injects an additional fuel by 
expansion stroke of a piston. 

[Claim 6] It is the combustion control system of an internal combustion engine according to claim 4 
which has an adjustable moving valve mechanism adjusted so that overlap of an inlet valve and an 
exhaust valve may be subtracted at the time of self-ignition combustion, and is characterized by said 
working medium temperature rise means being what injects an additional fuel by expansion stroke of a 
piston. 

[Claim 7] It is the combustion control system of an internal combustion engine according to claim 4 
characterized by being what it has [ what ] an adjustable moving valve mechanism adjusted so that 
overlap of an inlet valve and an exhaust valve may be subtracted at the time of self-ignition combustion, 
and said working medium temperature rise means injects [ what ] an additional fuel by up stroke of a 
piston in a minus overlap period, and operates an ignition plug during a minus overlap period, and burns 
an additional fuel. 

[Claim 8] Additional fuel oil consumption is the combustion control system of an internal combustion 
engine of any one publication of claim 5 characterized by making it so few that a compression ratio 
being high - claim 7. 

[Claim 9] Additional fuel oil consumption is the combustion control system of an internal combustion 
engine of any one publication of claim 5 characterized by making it so few that there being many 
amounts of EGR(s) - claim 8. 
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[Claim 10] It is the combustion control system of an internal combustion engine of any one publication 
of claim 1 characterized by also lighting a high compression ratio side of said change region, and 
delaying the ignition timing, so that a compression ratio is high - claim 9. 

[Claim 1 1] A compression ratio at the time of self-ignition combustion is the combustion control system 
of an internal combustion engine of any one publication of claim 1 characterized by considering as a 
compression ratio in which self-ignition combustion is possible only by it - claim 10. 
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